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1 Exewdtive Summary

Angus Council have commissioned the University of Glasgow to work with DynamitoGow#rtake an updaten
the coastalerosion effecting Montrose beach arlthks andconsiderthe implications on floodand erosionrisk
managementin our changing climateThe researchers compiled alvailable data since the Dynamic C6xgn21
publication and undertook additional surn&yn Septemberand October2024 for Montrose and St Cyrus,
respectively. This updated dataset was analysed and projected forwa@Bt@to predictfuture changego the dune
systemand the consequential implicatiomm$ continued dune erosiofor the flood protectiorthat the dunescurrently
provide

The key findings are:

1. Erosion continues taffect much ofthe dunes andnanyparts ofthe beachwithin Montrose Bay with some of
the fastest knowrrates of chang®n recordmeasuredduring winter 2023/24Up to 12m of duneshave been
lost over a few stormy days coinciding with spring tides.

2. The observations alsoprovide complex and mixed messages which require further monitoring.
The dunes have changed more rapidiyeaning that risks of widescale dune breaching are likely to happen sooner
than previously thought (within a few decades). However, parts olifser beach have beelemporarilyfed by
these dune lossesbatingbeach lossesvhich paradoxically pushes these risligher awayinto the future(after
2100) Only ime andmore frequentmonitoring will revealwhich mthway we are on;and which of a range of
adaptation actionsve were right to plan for.

3. Adaptation planningpften has uncertainties like this, which are best managed throaigladaptive pathways
approach.The recent changes underscore thgportance of the thre€old dynamic aaptive approach published
in 2021and adopted by the coungiindsuggests there is little time to waste in actioning all three of these to keep
communities and assets safe
(1) implement short term adaptations to address present flood, risk
(2) address the causes of erosion througleasures taeplenish and retain beadlace sedimentbuying time to
(3)develop and action a range wider adaptationplans andactions across the peninsula.

The following recommendations are made:

1. The recent survey andnalysisconfirm that AngusCouncil is justified in its continued efforts tmderstandthe
underlying causes of the erosiaand to useshort term adaptatiormeasuregincluding but not limited tesandag
structures) which will buy time fothe community, local authority and wider stakeholdersevelopand start to
actionlongerterm adaptation strategiesTheseshould be in support aequirements todevelopand implement
a Coastal Change Adaptation Pl&CAPandreport progress on adaptatioanderthe ClimateChanggScotland)
Act2010

2. Given the continued ratef coastalchange andits complexity, amonitoring strategy is essentidab continue to
inform operational discussions alongside adaptation optioAsproposed costeffective and proportionate
monitoring strategy isutlined within the report.

Please note there is @lossarnof key terms and acronynat the end of the report.
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2 Introduction

2.1 Purpose of this document

This report provides areview of recent coastal change across Montrose Bay (Angus, Scotlandland updated

perspective onfuture coastal changeaundertaken by the University of GlasgdiyoG)and DynamicCoast in

partnership wih Angus CouncilTheresultssupersedehe Dynamic Coadi2021)analysisand better informs recent

and anticipateduture coastal changes under a range of climate scenavigislst the analysis extendeom the River
South Esk (in the south) to thip of the dunes at St Cyrus (in the nortagditionalattention is directed to thedunes
within the southern part of the golf cours@hese dunes provide naturtbod protectionbut are subject to rapid
coastal erosiorand are of particular interest to Angus Council

2.2 Structure of this document
In the following sections we report on ttieur key tasks outlined in the Statement of Requirement

1. Compile the available evidence base on coastal change at Montrose Links (and adjacent shore) with
relevance to coastal erosion, flooding and eroseémanced flood risk. Undertake additional summer
survey(s) to update kegreas ande reflexive to storms for further response survey.

2. Analyse changes within this evidence base, including variability/uncertainty to inform a detailed picture of
recent changes, considering both letegm trajectory and the impacts of individual storms or storm clusters.

3. Use observed changes and their variability, alongside future sea level rise scenarios (tied to global
greenhouse gas emissions/shared socioeconomic pathway scenarios), to inform an assessment of the
relative flood protection value offered by the dupainder a denothing coastal management strategy.

4. Develop aosteffectivecoastalmonitoring strategy for Angus Council to inform their local decision making.

2.3 Context

Rising sea levels caused by climate chargeexpectedo increase MntroseQ & O &rosi@riiandlood risk during

this century(Figurel). Theextent of this increase is uncertain and will depend upon global efforts to control increasing
atmospheric temperature due to carbon greenhouse gas emissitotzally the average rate of eustatic sea level rise
(due to melting terrestrial ice, and thermal expansion of the oce@slirrently 3.5 mniyr. Bszen in the bestase
scenario (achieving global neero emissionsimmediately), sea level risewill continue for decades to come
(MetOffice, 2024. However our current trajectory is tracking high emissionscenario(Schwalm et al., 2020)
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Figure 1a: UK@18 Future Sea Level féberdeen (as a proxy fc Figure 1bUK@18Future Sea Level féberdeen (as
Montrose)under various scenarios for future greenhouse gas emiss a proxy for Montroselnder various scenarios fc
Solid lines show the most likely trajectory for each scenario while future greenhouse gas emissiomextended to 2300
shaded regions show the 90% confidence interval. These projectior (PalmerfMetOffice, 2029.
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2019).
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Dynamic Coadtas providedhe best availableneans of understanding the potential for coastal erosion and eresion
enhanced flooding on a nationahd regionabkcalein ScotlandUniversity of Glasgow and Dynamic Coast are working
with Angus Councib better understand coastal change bntrosein order toprovideupdatedevidenceto support

the O2dzy OAf Q& Ff 22R N aand plansyut ;hiS vesSegrch alBodirifolsiibleli dogsyakichange
adaptation duties the council also hessupport of statutory planning and climate change duties

Angus Coundla | LILINR I OK G2 Osetlodt in théir (2017yIha@dling $ghégeneat Plaftirk). The
specific policiegor each of the Management Usi{MU) are summarised belowilk, see p%

MUL/ 1 north of golf courseShort, Medium andLongterm: NortActive Intervention

MUL/2 golf courseShort, Medium and Longgerm: Managed Realignment

MU1/3a Splash: Shond Mediumterm: Holdthe line. Longerm: Managed Realignment.
MU1/3b Holiday ParkShort and Mediurterm: Hold the line. Longerm: Managed Realignment.
MU1/4 Glaxo: Short, Medium and Loteym: Hold the line.

=A =4 =4 =4 =4

Angus Council hayaublished further context on theivlontrose Coastal Erosiomebpage.

It is hoped that this report, and any further research is of value to partners across Montrose Bay. In this regard, th
efforts of Montrose Links Limited are noted, as they continue to invest in the links courses within and behind the
dunes. The club hasmdertaken adaptation planning over the years and is continuing to take adaptive measures to
ensure golf continues to be played. Realignment of pars of tharl 3¢ tees is underway (May 2025).
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3 Location Context

Throughout this report, several locations will be referred tocludinggeographical locations, but also locations
relative to the 1568olf course (main course) on the Montrose Golf Ljrdsdetailed ifrigure 2.

£ "7 Mains of
7O Woodstone
% o

Figure2: Map of relevant locations along Montrose Bay, notably coastal defence structures, hole locations on Montrose Golf Linl
(1562 course) and identified flood corridors. Ordnance Survey 1:25,000 scale topographic map and GB Light Grey Basemaj
Crown copyght and database rights 2025 Ordnance Survey (AC0000851941). Country outlines:@sBID&&Ky International

Ltd. & Getmapping Plc2025.
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4  Task 1: Survey datasets

Task 1 was t@eompile the available evidence base on coastal change at Montrose Links (and adjacent shore) wit
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relevance to coastal erosion, flooding and eros@mhanced flood riskincludingundertakng anadditional post-

summersurvey to update kegireas andto be reflexive to storms faafurther response surveyWhilst Montrose Links
were the primary focus of the work, NatureScot provided additional funding to extend the survey into StTbgrus.

following datasets were used to update our understanding of coastal chdokmving the Dynamic Coaktontrose
Super Sitegeport (published 2021)

Tablel: Additionalsurveydatasetswhich have been used tgpdateanalysisof coastal change at bhtrose incudingestimated
horizontal and vertical accuracy
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5 Task2: Historic CoastaChangeAssessment

Task2 aims toanalysecoastalchanges within th evidence bas€Task 1)including variability/uncertainty to inform a
detailed picture of recenthanges, considering both lotgrm trajectory and the impacts of individual storms or storm
clusters.This includes detailedhange assessmenf the upper beach, which can provide protection during storms,
alongside change assessmeithe lower beactand widerchangeelsewhere The analysis is used in Ta3ko inform
future coastal change.

Several independent approaches have besedto investigate historic coastal changehe oastal indicators used
arethe spatial position of

i.  Mean High Water Springs (MHWS)
ii.  Mean Low Water Springs (MLW&sId
iii. the seaward edge of coastal vegetation (VE).

Volumedric changes havalsobeencalculatedbetweenthe dates of thehree-dimensional D) topographic surveys.
Such a mixed method approasérves to crossalidate and provideanfidenceto inform assessment dhe trajectory

of coastal change dflontrose, while also providingnsights intolinkages and feedbacks between different parts of
the coastal system

5.1 MHWS from LIiDAR & topographic sungey
5.1.1 Dataand MethodsStatement

Assessment of shoreline change in 2@21 Dynamic Coast 2 project wasised on available mapped positions of
MHWS at that time, the most recent of which wdated August 2018ViewingTablel sixadditional data products
have beercollectedsince thigime and were available fahe analyses conducted hereit must however be noted
that the extent of all these surveys vawyith the extents being detailed ofablel also.

For the assessment of shoreline change in the 2021 Dynamic Coast 2 paigxhf change were calculated based
on the difference betweerthe most recent mapped position of MHW®hich was thenin 2018), and a previous
MHWS position that was at lea&tur years older[Hurst et al., 2021]This was to ensure thathange was being
analysed over a period of time long enough to not be substantially biased by any ss@munal or storanelated
variability.With the increase in frequency of coastal survaydontrose particularly in 2023 and 202the approach

to calculatingrates of changdasbeen modified to reflect theicher timeseries of survey datsVe nowperform a
time-weightedlinearregressioron shoreline positions through timevith the shoreline position ofmore recent(and
likely more accuratg surveys being ofelatively greater importance to the calculation of the regressiSoch an
approach ensures thadll availabledatasets were incorporated within the analysis, but also tay recent,short-
term variationsdo notdominate thesignal of changeA characteristic timescale contrdlse reduction in weighting
with time back into thepast according to a decdynction (i.e. older datasets are less important to the calculation of
rates of change)An example of the normalised weightings from the first transect at Montrose (North Esk) is shown in
Table2. Noting that there is a tradeff betweenthis characteristidimescale and the resultant rate®f change
calculatedadecay timescalef 10 yearswas used to calculate the updated coastal change radtegi(e3).

Table2: Weighing appliedto shoreline positionfor Transect 378near the 3tee)usingthe newweighted regressiomethodfor
calculating historishoreline change ratesNBwhere the actual date is unknown? af the month or1t Jan is assumed.

Shoreline Datel Weighting Factor (% Shoreline Date| Weighting Factor (%
1901-:01-01* | 0.00006% 201801-01* 8.07%
1957-:01-01* 0.018% 201804-01* 8.28%
198201-01* 0.22% 202002-28 10.01%
2006:09-08 2.60% 202306-07 13.90%
201306-14 5.12% 202311-24 14.5%
201510-01* 6.44% 2024-03-18 15.02%
202409-05 15.74%

Page8 of 40



UﬂlVCI’Slty School of Geographical Dynam IC Coast

& of Gl asgow & Earth Sciences Tdammmee

MONTROSEOASTAL CHANGE ASSESSMENT
2024 Survey Report Kisk Assessment Update

Montrose - Transect: 373 Montrose - Transect: 373

300 My

)
/

350 .

400 4

450 -

Relative Distance along transect (m

Coastal Change Rates (m/yr)
-

500 1

T
D O ‘3

& & "ISP ‘_l’@f

Dates -2 4

T T T T T T T
—8— Shoreline Positions 95% Confidence Interval -+ Overall Rate 25 50 75 10.0 12.5 15.0 17.5
=== Linear Regression -== Recency Proportional Weights @ Shoreline Positions with Errors Weighting Scale Factor (yrs)

Figure3: Exampleplots of the testing and evaluation of the updated tinveeighted regression methodologg) data points with
uncertainties, and various regressioretrics plotted, recency proportional weights (purple dashed with grey 95% Qlisatba
option used in the new methodology; &perimenting with how differenime-weighting scalefactors affect thefinal rate of
change for a given transeathere the rate begins teecome constant (> 10 yeass)ows wherghe method become less sensitive
to individual shoreline positionslote thatdue to recent accretion in 2024,positive coastal change rats derived when the
scaling factor ismall(<5 years)but with a scaling factor >10 years the longerm trajectory of coastal retreais borne out by
negative coastathange rates indicating erosion.

5.1.2 Key Results

Figure4 displays thechangegpublished in 2021on theleft-handside, compared with the updatecthanges following
the 2024 survey of MHW&énh theright-handside This comparison is made on a Hiag-like basis, in that thehanges
observed up to 2024 are calculated based on the difference between 2024 surdayprevious survey that is at least
four years older (2020 for Montrose or 2018 for St. Cymgcent changes observeétiveen theNorth and South
Eskare generally dominated by upper beach erosiparticularly at Kinnaber Linksd around Traill Drive defences.
Adjacent to the golf courseghe upper beach changes are more variable vathalternating patterrof erosion and
accrdion repeatedin an alongshore directiotowards the north Themedianrate of changeo MHWSover the four
and a half yearbetween 2024 and 2018is -0.17 m/yr between the golf course frontagd¢o the South Eskit is
noteworthy that MWHS has advanced across many natural sections of shore, however adjacent to hard defence
(where dune erosion is largetyrtailed)MHWS has not recovered seawardgy(¢he Cavan ParkTraill DrivéSplash
and defences at the southern part of the golf coursediere the median rate of change 8.28 m/yr (20242020).
Likewiseupper beacherosion is als@ccurringto the north of the walkway and to the north of the Pip@hechanges
are spatially variablemost likely reflecting the presence and movementsaind bars on the upper beach (see
volumetric analysidelow). Within Kinnaber Links, the upper beach gains become more maaesswitch to erosion
towards the North Eskmedian change0.59m/yr, 20242020). Within the southern parts of St Cyrus, MHWSv sits
seawards of the 2018 positipreoccupying the 2012 position the south of the National Nature Reseridée upper
beach accretion continues for much of the central section of beachhowever thestability is observed within the
norther third of $ Cyrus.The median rate of change at St Cyrus3igl2m/yr (20242018).

Asexplored within later sections of the reportie assert thathe positive changefgains)o parts ofthe upper beach
(MHWS) ardikely temporary, andinkedto losses from the adjacerdunes and such gainsre largely absent from
areas which are defendeiven thegiven the complex interactiobetween dune retreat and beach gains, and the
increasing availability of data, the standard methodology developed in,Z8iggles to account fahe complexity

of these changes

The weighted regression approadh less sensitive tbias due to recent storm impactmnd therefore provides our
current best estimate of coastal change rates for MHWIS0 late 2024 (diversity of Glasgow UAV LIiDAR surveys in
September and October 20p4scan been seen iRigure5.
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Figure4: Maps showing rates of coastal change to MHWS at St Cyrus (top) and Montrose (bottom); on the left as published
Dynamic Coast (2021); and on the right showing our current best estimate of the rates of coastal changgasp ¢arveys in
September/October 2024 ote, the two panels on the right of thmap showa direct comparison between the most recent
surveyed position angrevious positions (August 2018 and Jan./Apr. 2020) that were more than 4 years previous (consistent witl
old Dynamic Coast methadogy)and hadfull coverage of the respective beach@sCrown copyright and database rights 2025
Ordnance Survey (AC000085194€1Bluesky International Ltd. & Getmapping PRQZ5).
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Figure5: Maps showing rates of coastal change MHWSat St Cyrus (top) and Montrose (bottom); on the &ftpublished in
Dynamic Coast (20213nd on the rightisowingour current best estimate of thates of coastal changep to September/October
2024, calculated using the weighted regressioapproach © Crown copyright and database rights 2025 Ordnance Survey
(AC0000851941® Bluesky International Ltd. & Getmapping PROZ5).
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The updated annual MHWS change rates s1n¢mF|gure 5 exhibitontinued, but moderated erosion along Montrose
beach, stretching from the coastal defences near the main beach access at Traill Drivigsed, and northwards

for approximately 1.2 km (3,000 m chainageigure 5. This moderation of the earlier erosion rates is attributed to
the change in methodology (to weighted regression) providing a more robust trajectory of change that is less sensiti
to biases associated with recent variabilidyd incorporates multiple recent datasets as outlined in Task 1.

MONTROSEOASTAL CHANGE ASSESSMENT
2024 Survey Report Kisk Assessment Update

St Cyrus Montrose 5.1.3 Implications

°] b ° Caution is urged iinterpreting these changes t

MHWS, these results do not suggest there has b
any reduction in rates of change as such, but rat
provide a more robust perspective on the letggm

3007 average informed by a richer array of da

Furthermore, changes to MHWSmust be
> 2000

considered in the context of wider adjace
r 3000

r 1000

changes including Vegetation Edge and volume
change analysis. There are also two notable patc
of MHWS accretion identified (black line to right
centre line inFigure6). The majority of the beacl
adjacent to Charleton & Kinnaber Links is showir
1500 4 > | second Tee 4000 degree of stability with reference to MHW
position.
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5000 acrossparts of theupper beach, is that anticipate

2000 - future erosion is expected to be slower into tt
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future than had previous beerobserved and

25 00 25 -2 0 2 predicted It is importantto emphasise that the

MHIWS change (m/yr) MHWS change (m/yr) recent apparent more modest changes to MH\

have been greatly influenced by large amounts

—_ Updateld data&methqd(up to 2024) Montrose Links Golf Course Sediment be|ng eroded and released from t
—— Dynamic Coast 2 (published 2021) . .

adjacent dunes (see Vegetation Edge chany

. . _ ~ below). Thus, some caution should be urged in

Figure6: Plotshowing changes to MHWS comparing Bynamic  jnterpretation that the lower erosin rates tell the

Coast 2 raten pink (as published in 2021) and tedated rates  \yhole story.Continued monitoring of the foreshor
(additional data and revised weighted regression rate calculatic is required to validate and update these rates

method)in black. change continues.
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MLWS frompublishedOS mapping
5.1.4 Data and Methods Statement

The September 202diDARsurvey was conducted at low tiddlowingany changes téhe extent and topography of
the intertidal area to be appreciated. Thadtitude of Mean Low Water Soringsis -1.85mOD (taken from Montrose
Port), and this has been compared with earlier published MLWS. data

Whilst the drone surveys were timed for low watehe full spring tidal extent was not able to be captured.
NeverthelesspublishedOrdnance SurveyILWS are available f@024 2018 &2005

Key Results

At St CyrudLWS has generally advanced seawdreisveen 2018 and 2024t an average o#4.94m/yr, with the
greatest gainlmax =+14 m/yr) at the southern end of the beach, where complexity increases with the changing
orientation of the River North Esk mouffihe changes at the mouth of the North Esk and just upstreatmeafnouth

are thought to relate to the winter 2023/24 storm season (including Storm Babl&géneral pattern across the bay
with increased accretionahtes at the northerrend forth of St Cyrus Reserve cemeteayerageMLWS change rate
since 2018 is +8.45 m/yMoth support the view that northerly movement of longshore driémains dominant.

For much of the bayurther south the longer-term average ratesbhetween2005 and2024,showerosion dominating

much of the lower beach froivlontrose Port tathe northern end oKinnaber Linkéigure?7). However, the shorter

term rates, betweer2018 and2024 show amore positive siiationwith the lower beach extending seawards across
many areas, with the exceptioof two locations including adjacent to th&olf colNBA &'thdle and 7" hole. North

of Kinnaber Links the lower beach shows accretion towards the mouth of the North Esk across both the latest peric
and more strongly since 2005. There are more complex changes around the North Esk mouth, with channels breach
through the intertidalspit, though wider changes are probably expectedehdue to the impacts of Storm Babet.
Further north for the bulk of St Cyrus the foreshore appears to be widening with sediments gained from those
erosional areas to the south.

5.1.5 Implications

The overall patterns within ifigure7 show that over the last six years there has been many areas of accodtion
MLWS, but this is @erimposed on a consistent longterm trajectory of MLWS retreaparticularly in front of Trail
Drive and Montrose Link§ herecent patternof accretionseen between 2018 and 202¢ likelylinked to the recent
release of sediment from the rapidly eroding dunesrticularly duringthe period 20232024 where there was
substantive dune retreat (as detailed in the next secti@f)anges to the position of MLWS since 2005 also reveal the
loss ofan intertidal ebb tidl spit known as Annat Bank, in the intielal regionimmediately adjacent to the South Esk
channel(Figure8). Recent research conductingdirodynamic modelling of tidddydrodynamics has revealedmplex
circulation patterns that potentialjhave important implications for theecirculation of sedimen{Pratama and
Venugopal, 2024und further researchis required to understandhe interplay of regional coastal and tidal
hydrodynamicsvith sediment transportand implicationgor the broadercoastal sediment budgeparticularlyin the
vicinity of the South Esk inlahd former Annat Bank
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Figure7: Changes to MLWS. Colour coded line showing MLWS position in Sept 2024, symbolised with change .raitee(lefyr)
hand panels show change over the period 20034, while the rightand panels show recent changes between 2018 and 2024
© Crown copyright and database rights 2025 Ordnance Survey (AC000085a®Blugsky International Ltd. & Getmapping Plc.
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Changes to Annat Bank

OS Historic Map (1900, via © EDINA)
: Admiralty Chart (© Crown Copyright, 2024. All rights
* 5 reserved. Licence No. EK001-20140401)
4 0S ZoomStack (Contains OS data © Crown copyright and
database right [2025] )
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Figure8 Map showing the historic extent of Annat Bank and how it has reduced in area since 1890s. The maintained navigation
channel to Montrose Port is also showia the coloured Admiralty Chart, though survey dates and extents are not known.
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5.2 Vegetation Edgdérom aerial imagery

Standard methods of coastal change detection (reporteiWS from LIiDAR & topographic survesly on direct
measurement of the beach, this is often labour intensive, and therefore costly. Whilst the nsethodeusing MHWS
and MLWS areegarded as the mogtaditional at identifying changen recenttimesthe change in vegetation edge
position has becoma popular indicator of coastal change tddhis is pertinent at Montrose given large stretches of
the bay fromTraill Drive / 2¢ tee north are undefended vegetated dunes.

5.2.1 Data and Methods Statement

Vegetation edge lines have been established from many of the coastal surveys at Montrose (Table 1), either |
digitising aerial imagery available from a wide variety of sources, or from direct measurement during surveys (e.
GNSS). Change in the positmiivegetation edge has been accomplished by-lowine comparison, with the more
recent line having points created at regular intervals every 5m along it, and then the shortest distance to the older lin
being measured at each point. With the shortestdihce being taken, regardless of orientation (compared to shore
normal transects used for calculating changes in MHWS), this methodology could therefore be regarded as a minin
rate of change.

The two comparative time periods chosen were September/October 2024 (UoG LiDAR) and aerial imagery from Ay
2011 as this gave a longearm view over the whole of Montrose Bay, including St Cyrus. This is contrasted with a
shorter comparison betweerithe same recent LIDAR surveys a@tial imageryfrom April 2023 digitised to show
position prior to Storm Babetctober2023).This allows comparison of sheagrm changes and longgrm trend.

5.2.2 Key Results

Figure9 depicts the both the changes to the vegetation edge since 2011 and since 2023 (left and right map
respectively). The pattern is clear spatially and temporarily, in that St Cyrus shows steady dune growth which has be
guickening more recently, with the egption of rapid changes at the mouth of the North Esk. Between the North and
South Esk, the dune edge has been clipped back landward across the majority of the bay (with the exception of tl
dunes approaching both the South and North Esk riverggr the period 201-2024 median rates of vegetation edge
retreat arel.13m/yr up to a maximum o08.86m/yr adjacent to Montrose Link$lowever, rates of losses to the dune
edgewere much more rapid in theshorter time period 20232024 which coincided with the aturrence of Storm
Babet,with median rate3.37m/yr up to a maximum of1 m/yr.

5.2.3 Implications

The clear pattern from the dunes across the whole bay is that they are rotating clockwise, with westerly retreat in the
south and easterly advances in the north. The generally quickening rate of dune retreat has been identified before
however the rates othange since the winter of 2023/24 are the fastest rates on record. This underlines the suggestec
disequilibrium within the bay, with the greatest changes and instability focussed to the north of the Traill Drive
defences. It is unlikely that the vegetari edge will continue to separate from MHWS over the medium term, however
more generally if these erosion rates within the dune edge persist then efforts to block flood corridors need to be
adaptive, until the underlying instability of the beach systemddressed. This is discussed further below.
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Figure9: Map showing vegetation edge change along Montrose & St Cyrus bedtteelefthand panels show loagrm changes
between 2011 and 2024, while the righand panel shovghort term changes between 2023 and 2024Crown copyright and
database rights 2025 Ordnance Survey (AC0000851®ARuesky International Ltd. & Getmapping PRIZ5).
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5.3 Volumetric Change Analysis

dngle metric indicatorsuch adMHWS are usefuheasuresfor shoreline change at national and regiosahlesand
facilitate assessment of future shoreline chang®wever analysis of time series 3D datasptevidesricher insights

into the system behaviour and variability wflumetricchanges across thentire active coastal zone (from MLWS to
supratidal coastal vegetation). This is particularly important when considering coastal systems which provide a natur:
capital flood protection function to inland areas @s most certainly e case at MontroseVolumetric change
assessments also providesights into the rates of lossess#diment that can help to inforrmanagement/adaptation
actions such as beach nourishment or dune fill, and provide an impdadahtor monitoring ofthe effectiveness and
health ofsuch actions.

5.3.1 Data and Methods Statement

WhilstDynamic Coast (2021) useaikterised Digital Elevation Models (DEMs) fi2009,2013& 2018 here we have
compiled further datasets from more recent topographic survdyiest of these recent surveys amerived from
Unoccupied Aerial Vehicles (UA¥s0 known as drongaisingeither photogrammetry or LiDARethods(Goncalves

& Henriques, 2015; MacDonell, et al., 202 ese surveys are most commonly focused along the golf course frontage,
with some surveys having a larger extéhablel).

DEMdatasets from different timeperiods can becompared, toquantify topographic changes through timiey
subtracting celocatedpixel values to create a DEM of Difference (D&B)ng existig methodologies and Geomorphic
Change Detection softwai@Vheaton, et al., 2010jhe inherentuncertainties in thevarious DEMare consideredin

this instancea probabilistic thresholding techniqueas used to establisbhangeconsideredo be real (.e. beyond

the noise & uncertainty of the twinput datasets) This techniquean identify surface lowering (erosion) or surface
rising @lepositior). Any change identified can also be spatially aggregated to provide estimates of volumetric,change
for example the volume of sediment lost or gained

As part of the Geomorphic Change Detection software, an area with a calculated DEM of Difference (DoD), can
further segmented into smaller areas for more localised analysis of the areas and volume of erosion, accretion, ar
net differences(Figure10). The major shoreparallel boundary was defined as the latest vegetation edge position
(September and October 2024 for Montrose and St Cyrus respectively), with the alongshore segmentations beir
defined by locations / features of interest (elgeach access tracks, start/end of seawall or rock protectiors.
beach and dunes at Montrose Links have bpatrtitioned into separate units those on the dunes have a prefix of D,
those on the beach have a prefix of B, they are both numbered sequentially from north to south.

The analysis conducted lookedaaseries of DEMs between June 2013 and September 2024, both chronologically, buf
also additional DDs for longer time periods (e.gan./Apr. 202Q; September 2024)Resultsfor Jan./Apr. 202@
September 2024 (4.35 years) alidrch 2024 to September 2024 (172 days, 0.47 years) are presented below.
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5.3.2 Key Results

In the mediumterm (2020¢ 2024;Figurell), therehas beera consistent signal of dune face erosion, notably fkirmaber Links
(Zone B3 or B4outhwards tothe defences at the"2tee Zone B11F Therebeach face is characterised by modpatches of
both erosion and depositigrbut with most beach zonexhibiting net sediment loss over this time periddkle 3.

In the shortterm (Marchg September 2024Figurel?), therehas beerfocused dune face erosion around the second
tee (Zones B11BB11F), despite the presence of rock armouring that has besittrthroughout this period (Zone
B11C)Detailed inspection shows that the crest elevation of the defemas loweredduring storm events, allowing

tidal inundationover the defencesFollowing a liaison between Montrose Golf Links and Angus Cotlrecitpck
loweredarmourhas since beeraised at this locationwith rocks taken frondefencesmmediately north There is a
notable patch of deposition seaward of this location, possibly deposition of material over calmer summer months o
material deriveddirectly from the adjacent dune face. There is an area of moderate lowering adjacent to the main
beach access point off Traill Drive (between B4BE1F). There is also ongoing dune face erosion to the north of this
study extent in Zone B9A, tothe no#hT (G KS dat ALIS@¢ 6%2yS . . 0@

Pagel9 of 40



MONTROSEOASTAL CHANGE ASSESSMENT
2024 Survey Report Kisk Assessment Update

Umversny School of Geographical Dynamic Coast

&7 of Glasgow | & Earth Sciences D

Table3: Summary of key Montrose beach sand volume changds;(mediumterm (January/April 202Q September 2024)

Normalised
. " Net Volume Annual Net
o Erosion volume| Deposition volume
Area ID AreaDescription vy ] EE— over 4.3yrs Volume
el el Change () Change rate
(m3yr)
. -63,753 + -11,856 +
! - 12,180 £ 4,491 | -51,573 £ 16,424
B1/B2 North Kinnaber 15.800 3,776
. -116,846 + -14,871+
’ - 52,157 + 9,780 | -64,689 + 19,56
B3¢ B5 South Kinnaber 16.949 , , , , 4,498
B6¢ Golf Course to the -106,965 + -15,993+
P ’ 37,394 + 8,015 | -69 +
B9A YV2NIUK 27 7,537 ’ ' 571 #11,002 2,529
B9A b2NIK 2F -29,998 + 3,578 9,329 + 3,889 -20,669 + 5,285 4,751+1,215
B9B at ALISe ¢ -1,350 + 474 2,193 + 967 843 + 1,077 194 + 248
BOC / Golf Course south of
~ - + 9,529 + 3,757 -32,234 £ 5, -7, +
B10A Gt A LIS ¢ 41,764 + 4,675 34 +£5,997| -7,410+ 248
d d -5,785 +
proa | Northof2eTee (2% | o) 2694 4050  6,204+3407 | 25165+ 5,454 !
hole) 1,254
B11B/C/) Behind rock protection) _,; oog | ggg 116 + 37 11,414 +555 | -2,624 + 128
D around 29 Tee
B12 Splash Palace seawgq -1,613 + 956 6,253 £3,432 4,640 +3,563 | 1,067 =819
B13¢ | Montrose Beach Sout} o0 51, 1 g 345l 60,149 + 16,560 | 23,834 + 10,019 5,479+4.371
B14B / Industrial
-441,501 + -253,683 + -58,317 +
Total All of ' 195,504 + 22,535
ota of above 27,116 78,042 17,940

Table4: Summary of key Montrose beach sand volume changds;(shortterm (Marchg September 2024)

Deposition 6-month Net
Area ID AreaDescription Erosion volume (r#) P Volume
volume (n¥) 5
Changgm®)
BOA b2NIK 2F at -3,862 1624 2,101 +£1,084 | -1,761 + 1,251
BO9B Gt ALISe ¢ 24 +£6 517 + 269 493 + 269
B10A North of 2¢ Tee (29 hole) -900 + 246 4,836 + 017 | 3,936 £ 2,032
B11B/C/| Behind rock protection around'2 13.620 + 282 107 + 34 3513 + 284
D Tee
Total All of above -8,406 +727 7561 + 286 -845 + 3,836
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Figurell: Mediumterm Geomorphic Change Detection analyméweenJanuary/April 2020 and September 20Basemap: OS
Light Grey via ArcGIS Pro; contains OS data © Crown Copyright and database right 2023. Contains data from OS Zoomstack.
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Figurel2: Shortterm Geomorphic Change Detection analymsveen March 2024 and September 20Bdsemap: OS Light Grey
via ArcGIS Pro; contains OS data © Crown Copyright and database right 2023. Contains data from OS Zoomstack.
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5.3.3 Implications

Therecently commissioned survey allows volumetric changes to be idensifidduantifiedat a local leve(Figurell
andFigurel2) however these also enable a partial sediment budget to be estimated ifthisurveyed areasThese
show that betweenJanuary/April 2020 and September 2024, approximas&yp00m3(x 18,000 of sediment has
been released/lost from thdunes and beach face between the North and South Esk riSersidering the area closer
to the potential flood corridorswhilstover the lastsix monthghere have been losses frothe dunes, much of these
have fuelled gains within the adjacent arg@sble4). The implications are that the efficacy of the flood protection
feature of the dune is reducing with times the sediments ardistributed across théoreshore ancelsewhere

Flood Corridors

The dune system at Montrose has a series of local low topography that provide the North Sea with a natural corridc
with which to flood into and potentially through the natural dune barrier onto the Montrose Golf Links and potentially
beyond in the futurePotential flood corridors were originally identified in the Dynamic Ceagersitereport for
Montrose (2021)Eightpotential flood corridors have been identified and numbered from south to n(¥iture 2)

5.3.4 Data and Methods Statement

In 2019, AECOM produced a study on coastal flooding at Montrose that including wawe caftulations basedn
estimation methods set out in EurOtop and the CIRIA Rock Maibel extreme water levels and their estimated
return periods were estimated, however on-iespection these were found to not be representative. AECOM have
revised these calculations and the updated estimates are shovialieb.

Table5: Wave Run up calculations, updategAECOMMany 2025for Montrose, based on estimation methods set out in EurOtop
and the CIRIA Rock Manu@he 2100 epoch runup estimations are only provided as an approximate ghee is currently
limited guidance on applying future climate change influence to wave height estimations. Runup is derived from wavedatight, |
g GSNJ RSLIIK YR F2NBaAK2NB &f2LJS F2NJ 6KAOK 7T dzii dahBic ghadilg’ iR A (i A
used here in bdt 2025 and 2100 epochs. A 10% increase in significant wave height has been applied for the 2100 epoch as
sensitivity test; from this it can be seen that sea level rise is the major part of the future increase in the tide pleteuation.

Return Period| Water Level,|] Concurrent Significant Wavel] Mean Runup, Ru2% Tide + Runup
(years) WL (mAOD) Height, Hs (m}¥ (m) elevation (mMAOD)
2020 epoch:Mean runup estimations
200 3.49 2.92 2.71 6.20
100 341 2.88 2.55 5.96
50 3.31 2.84 2.39 5.70
20 3.19 2.79 2.32 5.51
10 3.09 2.74 2.14 5.23
3.00 2.70 2.19 5.19
2.88 2.65 1.93 481
2100epoch: Mean runup estimations.
200 4.30 3.21 3.06 7.36
100 4.22 3.17 2.88 7.10
50 4.12 3.12 2.76 6.88
20 4.00 3.07 2.69 6.69
10 3.90 3.01 2.43 6.33
5 3.81 2.97 2.51 6.32
2 3.69 2.92 2.22 591

These new figures better align witlonumber of confirmed reports (from November 2020 onwards) of flooding
GKNRdzZAK GKS RdzySa i GKS at ALIS@¢ o CfMog Rceht, Minghis”CBUNGil ¢

Page23of 40



UﬂlVCI’Slty School of Geographical Dynam IC Coast
& of Gl asgow & Earth Sciences D

staff have also noted inundation at Profile@ur initial anaIyS|s of topographlc levels at these locations comblned with
 Olidzl £ Ff22RAY3 adz33Sada G(KIFIG SEGNBYS 61 (SN febsgdcaf &
nominalextreme waterelevation of 5SmQOD for our analysis in this report, pending further updated analysis ofupn
and overtopping water levelsAECOM have revised their figuresTéble 5). Separately Dynamic Coast has
commissioned separate analysiader wider coastal erosion workom JBA that estimated the annual total water
level runrup (1 year Annual Exceedance Probability.2mOD at Montrose Links (at the Pipey).

MONTROSEOASTAL CHANGE ASSESSMENT
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Two of these flood corridors are of particular interest given they are already subject to flooding (Flood Corridor 6 &
7), and a further corridor has also been identified as being close to a significant breach (Flood Co@idsssdction
graphs have been calculated for each of the flood corridors, with elevation values extracted from a timeseries of DENV
The maximum elevation value along each cresstion for each DEM was extracted to plot whether the corridor has
been loweing and therefore providig less of a barrier to coastal flooding and storm surgegifel3).

5.3.5 Key Results

Our analysis has identified continued lowering of existing corridors and narrowing of the natural dunes that separate
the shoreface from lower ground behind these potential corridéigurel3 shows the consistent lowering of the
three most critical flood corridors at Montrose from June 2013 until September 2024. The graphs on the left also sho
how this crest location (maximum elevation value along the esession profile) is also migratingland. We now

have a situation where both Profile 6 & 7 are now below 5 mOD, which could be considered a regular flooding lev
based on observations of recent flooding. Profile 5 is not far behind either with the most recent crest elevation at 5.
mOD.

5.3.6 Sandbag Flood Protection Structures

l'y3dza / 2dzyOAf aSOdzZNBR | OFLIAGEE 3INIYyd FNBY GKS {021
Nature-based approaches within the dunes. As part of this they have installed three sets ofpsinaliel sandbag
structures whose crest eletian is 6mOD, adjacent to these areas there has been some reprofiling of the surrounding
dunes. The intention of this work was tespond to the reducing and variable flood protection offered by the dunes
and provide additional shortterm adaptable floodprotection to the interior of the dunes, golf course and building
beyond.

5.3.7 Implications

The sandbag structures, extending to an altitude of 6 mOD, do have a protective function against storm waves ar
they are adaptable structures that can be moved and rebuilt. The recent retreat rates of the dune edge can be use
to inform setback distancesind estimated time periods before they are needing to be moved again. The survival
period of these structures given the dune edge retreat is consider below in Task 3. An updated perspective is requir:
for extreme water elevations and their probabilitiedA @Sy (G KF i GKS O2NNAR2NJ G a¢
breached several times in recent years.

5.4 Storm response
5.4.1 Data and Methods Statement

Part of the agreed works for this project was a second return survey to capture the impact of a storm event alon
Montrose beach (or part thereof). Although there were some storms over the 2024/2025 winter (including Storm
Eowyn which coincide with neaplés), none appeared to cause significant change to Montrose beach. As such, no
survey was conducted and therefore no additional analysis was undertaken to highlight the potential impact of a singl
storm event.
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Figurel3: Crosssection profiles of Montrose Flood Corridors 5, § &iowing the evolution of thipographic elevation profiles

since June 2013lote crest elevations have been rounded to the nearest QAllnthree profiles now have significantly reduced
maximum crest elevations, and the location of these crests are now furthadinl

Figurel4: Picture showing the linear sandbag structure at the Piftgyogd ©rridor Profile 6).© J.Adams.(16" January 2025)
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Figurel5a: Sandbag structure at Profile 7 (2025.03.12 c. An Figure Bb: Sandbag structure at Profile 5 (2025.03.12 ¢. An
Council) Council)

6 Task3: Modelling Future Coastal Change Scenarios

Task3 takes theobserved rates ofecentcoastal changéerivedin Task2, alongside future sea level rise scenarios
(tied to global greenhouse gas emissions/shared socioeconomic pathway scenarios), to inform an assessment of t
relative flood protection value offered by the dupeinder a denothing coastal management strategy

6.1 Modelling future coastal changeo MHWSunder RCP2.6, 4.6 and 8.5 Emissions Scenarios
6.1.1 Data Statement

Future shoreline change was anticipated following the same approach used in Dynami(HbDoststet al., 2021)ut
informedby updatedrates of historical shoreline change measured in Takks2oric observations of shoreline change
(average rate o€hange in position of MHWS derived from topographic survey dataeighted regression analy3is
are extrapolated forward in time using the modified Brunn Rule metftddrst, et al., 2021 )which accounts for
changing sea level associated with differelinatechangescenarios.

Climate change scenarios are taken from the UKC@®Hmer, et al., 2018projection of sea level rise for
representative concentration pathway (RC$tenarios for future greenhouse gas emissi¢igure 1). UKCP18
scenarios have now been extended out to the year 2300 and thus we are able to exteamilysis of future shoreline
change out to this time horizon. Howevéhe predictions carry a greater amount of uncertainty the further out in
time they are extendedsgeFigurel). We thus encourage that the focus remains on the coming decades rather than
centuries.As with Dynamic Coast 2,ewnodel a lowm(RCP 2.6 50%nedium(RCP 4.5 50%&nd worst-case,high
emissions scenario (RCP 85%) The High Emissions Scenario (RCP8.5) is used for discussion purposes, unle
20KSNBAAS adl SR 2KAtad AdG Aa y2a I OSNIFAyde GKIF
considering the precautionary principle and our current tcapey. This is a concept acknowledged within Scottish
Planning Polic{Scottish Government, 202%ection 5.1)) essentially where there is doubt, we should err on the side

of caution. It is important to note that although the results presented below #tdi@ giverand uncertainfuture,
management and adaptation approaches may alter this, based on locally relevant monitoring and trigger points

6.1.2 Key Results

Followingthe precautionary principle, we have hei@cused on theesultsof the RCP8.5 95percentile scenaripas

aa g 2NRARG OF aF8turepte8igfed NIRVES: pdsitiorisr RCP 8.5 (95%Assuminga do-nothing management
strategyare shown below ifrigurel6. At Montrose, this excludes what are considered temporary defence measures
such as the rock boulders at the main beach access from Traill Drive and in front of the Montrose Golf Tieds 2
Permanent features such as the seawall and permanent rock arfootiver south towards theharbour entrance
(excludingth@ N2 ey Sao FNBE O2yaARSNBR o060& GKS Y2RStfAy3a |f 32

As detailed in Task fhe historical rates of change used heceextrapolate into the future are slower than was the
case for the 2021 Dynamic Coast 2 project Sigeres). The following text ansidesthe areaof beach 1km north of
the ramped access poirib Traill Drive (which extends to flood corridor. 8) 2021 we reported thathis section of
beachwas eroding at an average rate-af50m/yr (between2018 & 1982 with a maximum rate of2.4m/yr (near
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flood corridor 5) However the updatedanalysishere, using weighted regressioaports amedian rate of change to
MHWS ot0.37m/yr. Whilst theserates are slowethan those published in 2021t is evident from thél'able6 below,
that this still presents an issue for the dunes, and the flood protection that they prowiaéhe future. Assuming that
the horizontal offset (or gap) between the current MHWS line and the 5m contour is maint#ireidner 5m contour
(which markghe landward limit othe protective part of the dunes$ expected to be compromisday between2100
and 2150 For comparisongur earlier research published in 2024ere calibrated on earlieand more rapidates of
MHWSchange(2018 vs 198pand expected thdoss of protective function to happearound 2070or there abous.

Table6: Indicative breach periods of the inland 5 mOD contour (which is used as a proxy for the flood protective function of tt
dunes). These indicative periods include an offset between MHWS and 5m contour. Note indicativechiedshrea also shown
on the earlier projections published in 2021.

Area Descrption Indicative breach period Indicative breach period
(updated method) (DC2 2021)
Industrial Area 2200¢ 2250 Not modelled
Between ®' Hole & Traill Drive ~2250 No breach
2"9Hole 2120 ~2070
3“Hole 2090¢ 2100 ~2060
4" Hole (inc. Pipey) 2110¢ 2120 No breach
5/ 6™ Hole 2150¢ 2200 ~2080
7" Green (far end of golf course) 2150¢ 2200 No breach
Kinnaber Links South 2150 No breach
Kinnaber Links Middle 2090¢ 2100 ~2080
Kinnaber Links North 2150* (North Esk impact) ~2060
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St Cyrus - Future MHWS predictions
50 year intervals overview

Montrose - Future MHWS predictions
50 year intervals overview

Predictions shown for
Kinnaber Links/Forest &
Golf Course:

- 2090 - 2120

- 2100 - 2150

- 2110 - 2200

= 5 mOD contour

MHWS future
predictions

§ — Decadal prediction
— 50 year intervals

Figurel6 Anticipated future MHWS based on updated data amdghted regressiomethod The map shows anticipated MHWS
positions for 2090, 2100, 2110, 2120, 215020, thoughprojections this far into the future are speculative as they are greatly
influenced by calibration rates wihn are variable in space atiche. © Bluesky International Ltd. & Getmapping PROZ5).
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6.1.3 Implications

Based on the recent survewnd the improved methods he implicationsare that continued erosiorof the dunes
remains aclear and present risiBased on theipdated projectionsunder ado-nothing managemenstrategyand a
high emissions scenatithe protective function provided by the dunes is expected toldngely compromisedby
~2100to 2150 In this situationthere maybe a~400m gap in thehighprotectivedunesat Montrose Links (and similar
magnitude ofchangesre also expectedt Kinnaber LinksThe 5mOD elevatiorhas been inundated by storm waves
in recent yearsOf coursetheseestimates are based on sea levels 0®higher than theoresentmeansea level As
aresult,the currentannual breaching and inundation of the dunes shgrm wavesis likely to be more frequentas
are wider fbod risks elsewhere on tHdontrose perinsula.

Focusing on the area of the flood corridors, it is apparent that erosion rates based on MWHS have reduced mo
recently, in large part due to the retreat of the dune edge, and the release of sediment onto the upper beach. Thi
amelioration in places is atbuted not to the driving conditions becoming more benign (wave impacts, sediment
supply or sea level for example), but due to the erosion of the dune face releasing large volumes of sediment from tt
dune face to be temporarily stored on the upper beach.

The implications of these reduced rates of erosion to the upper beach is a slightly slower retreat and more tim
expected before loss of the protective function of the dunes in places, when compared to the earlier analysis publishe
in 2021. Assuming anBa SG 06SG ¢SSy GKS alz2{ fAyS FyR G(GKS @S3S
suggested that the inner 5m contour would be breached between 2050 and 2060 for the section of beach to the nort
of the Traill defences. Based on the recent rates the ifimercontour would be breached between 2100 and 2150.
The recent gain in sediment on the upper beach is expected to only be temporary, and this material is expected t
reworked and transported away such that retreat of MHWS will resume. The reader is egedui@ take an
integrated view of the beach, not simply considering change to MHWS, but also taking cognisance of wider change
the dunes and beach as a whole. Thus, continued monitoring at a frequency that allows the observation of thes
fluctuations am dynamic relationships between the dune face and beach face will be important moving forward

This updatedrisk assessmentlzy RSNX Ay Sa GKS AYLRNIIFYOS 27F U Kdiressidgdzy C
short-term flood risks through the floodorridorsin order to buy time addressing the causes of the erosion (thought

to be sediment supply issues within the bay, driving the erosion) within the metiitrm and thereforebuys time

for substantial adaptation planninigeyond the coastal edgé.€. across the Montrose peninsulafurthermore,the
importance of ongoing monitoring clear in thatrecent erosion of the dunes h#sd the beach, resulting in slower
rates of anticipated change, which push some of the identified risks further into the future. Of catesmf change

are fluctuating, andmay also exhibit periods of more rapi@rosion in future resulting in identified riskarriving
sooner.Thus, it is essential thahe Council ensuréhey monitor ongoing coastal change, allow them touse this
change intelligence tmform adaptation actionsThis topic is considered further in Task 4, below.

6.2 Modelling future coastal change t¥egetation edge

WhilstMHWS remains thprincipalfeature used within Dynamic Coast modellargl riskassessmentst is clear from

the monitoring that the edge of the dunes (also known as Vegetation Hadgepeenchanging more rapidlyhan
MHWSin recent yearsThe differencen rates between the dune edge and the upper beach is only expected to persist
for a short period of timewhilst thebuild-up of sediment on the upper beach dispers&g whilst MHWSremains

the preferred feature for longer term modelling, thei®merit in considering the anticipated shet¢rm changes to

the vegetation edgs.

Longterm (2011-2024) and shorterm (20232024) rates of change in vegetation edge are showrrigure9.
Extrgpolatingtheserates forward in time, for both the lor@nd shortterm average ratesnforms theduration that
the dunescan be expected tmaintain their protective functioifFigurel7). The more rapid rates of change associated
with dune front erosion means that the dunes are expected to be breablge2D60in the case whee we extrapolate
the longterm averagerate of change4011-2024) but as soon a2030 if the rates observed in 202824 were to
persist.
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Montrose - Vegetation Edge Predictions
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Figurel7 Maps showinganticipated futurechange to the dune edge (measured by vegetation edge) oskomterm and long
term period based on average rates extrapolated forward in tienBluesky International Ltd. & Getmapping PRQZ5).
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6.3 Shortterm implications for the flood corridorsand sand bags

The present erosion and retreat of the dune face is reducing the protective capacity provided by theFigume=3
shows thdoss of high dunes and the general loweramgl inland migratiorof the crest leveldt should benoted that
during storm events, whilst much of the sedimentaéteasedand lost onto the beach face, typically a smaller amount
of sediment and debris caalsobe carried landward into the flood corridor.

There were wo further analyses undertaken to ascertginssible future changes to these flood corridirshe short
term, namely 1xrosssectionalareaanalysis to determine if further retreat would widen the potential flood corridor
(Figure18); and2) assessment of thehortest distance between areas less than the flooding thresf®IlchOD)to
ascertainthe rate of narrowingof the barriercrest (i.e. protective function within the flood corridoghd alinear
projection when a breach may occur if narrowing of the baraegstcontinued(Figurel9).

These analyses reveal thaith continued erosion, the floodorridorat Pipey is expected to widewjth the potential
to inducea positive feedback betwednundation anderosion that couldviden and deepen the corridor durinvgave
overtopping.Flood corridor 5 is on course to be breactsdsoon as 2026.

Given the juxtaposition of the sandbag structures (yellow lines on the figure below) and the retreating dune edge &
the flood corridors, the sandbag structure at Profile 7 is expected to be exposed on the dune face (and start to b
undermined) within thefirst six months (based oregetation edge retreat rates from 202924). These rates appear

to be validated by recent observatiorisgure Cshows the sandbag structure starting to appear on the dune cliff face.

. For the sandbags at Profile 6 (the Pipey) parts of the wall are already seaward of the vegetated parts of the dune
however, the entire structure is expected to be exposed within one to five years (based greanand fiveyear
rates). The sandbags Btofile 5 were installed 5.5m back from the 2024.09.05 dune edge, but they are expected to
be exposed between one and three years (based on the same rates as above).
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plotted on thepoints shown along the dune face
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